Abstract. Studies have consistently found positive associations between the density of alcohol outlets and levels of violence in areas. Few studies have examined whether this relationship holds for domestic violence. This study assesses whether alcohol outlet density is related to domestic violence and whether this relationship is due to alcohol availability or to co-occurring economic disadvantage and social disorganisation. Cross-sectional data on family incidents, liquor outlets and socio-demographic characteristics were obtained for 217 postcodes in Melbourne, Australia. These data were used to construct models assessing the association between alcohol outlet density and domestic violence, both with and without controlling for socio-demographic factors. Models were tested for spatial autocorrelation, and spatial-error models were developed to control for its influence. Outlet density was significantly associated with rates of domestic violence, even controlling for socio-demographic factors. The density of hotels (pubs) was positively associated with domestic violence rates and the density of restaurants and bars was negatively associated with domestic violence. Socio-economic disadvantage was also associated with domestic violence rates. The density of packaged liquor outlets was not associated with rates of domestic violence. The results present a mixed picture, and further study is required to develop a clearer understanding of the links between alcohol availability and domestic violence.
Introduction
A substantial number of studies have linked alcohol availability to a range of alcohol-related problems (Gruenewald, 2007; . In particular, there has been an almost uniform finding from cross-sectional studies that the density of alcohol outlets in an area is positively associated with rates of violence in that area. This finding has been replicated in a wide variety of U.S. settings (e.g. Scribner et al., 1999; Stevenson et al., 1999; Gorman et al., 2001; Lipton and Gruenewald, 2002; Nielsen et al., 2005; Reid et al., 2005; Gyimah-Brempong and Racine, 2006) and in handful of Australian studies (Stevenson et al., 1999; Chikritzhs et al., 2007; Livingston, 2008a ). An increasing number of longitudinal analyses have also found significant associations between alcohol outlet density and violence over time, providing stronger evidence that the relationship is causal (Norström, 2000; Livingston, 2008b; Yu et al., 2008) . These studies have focussed on assault rates, using either hospital or police data to estimate the rates of violence occurring in geographical areas. Thus, the violence generally examined in the current literature is largely public violence, often taking place in and around licensed premises. It is worth noting that Freisthler and colleagues have undertaken a series of studies that have demonstrated statistical associations between alcohol outlet density and child abuse and maltreatment, both cross-sectionally (Freisthler, 2004; Freisthler et al., 2004 Freisthler et al., , 2005 Freisthler et al., , 2007 and over time (Freisthler and Weiss, 2008) .
Studies of the relationship between alcohol outlet density and domestic violence are less common. Gorman et al. (1998) examined the association between outlet density and domestic violence (largely made up of intimate-partner violence, but also including violence against children), finding no relationship once socio-economic factors were controlled for. An Australian study examined police data using assaults on private premises as a measure for domestic violence, finding that total volume of beer sold in a region was related to rates of violence, but that geographic measures of outlet density (i.e. outlets per km 2 ) were not . In a recent paper, McKinney et al. (2009) used survey and ecological data in a multi-level study of selfreported intimate-partner violence. Their study found a significant association between alcohol outlet density and male-to-female partner violence, but no significant association for female-to-male violence. The study controlled for a substantial amount of individual-, couple-and zip code-level sociodemographic factors, and examined self-reported alcohol consumption along with outlet density, finding that the effect of outlet density on domestic violence was stronger for couples who reported bingedrinking behaviour. When the results were broken down by type of outlet, on-premise outlet density was significantly related to partner violence rates, while off-premise outlet density was not. Neither of the ecological studies (Gorman et al., 1998; Chikritzhs et al., 2007) controlled for the effects of spatial autocorrelation, which can result in biases in statistical testing .
Theoretically, a causal relationship between alcohol outlet density and domestic violence could be based on one of two mechanisms. Most obviously, it is plausible that higher levels of alcohol outlet density cause higher alcohol consumption, leading to increased rates of domestic violence. This is given some support by the clear links between alcohol consumption and domestic violence (e.g. Leonard, 2001; Foran and O'Leary, 2008) and by the studies finding positive associations between alcohol outlet density and consumption (Godfrey, 1988; Gruenewald et al., 1993) , although this finding is not uniform (Pollack et al., 2005) . Secondly, Freisthler (2004) has suggested that alcohol outlets alter residents routine activities, with increases in off-premise outlets resulting in a shift towards drinking at home (and thus higher rates of child physical abuse), and increases in on-premise outlets resulting in a shift towards drinking outside the home (with corresponding increases in child neglect). It is possible that similar changes to routine drinking activities directly bear on the likelihood of domestic violence incidents with, particular types of outlets encouraging different drinking patterns without necessarily altering overall consumption. For example, increases in pubs and hotels may lead to more frequent episodes of intoxication and thus increased domestic violence, while increases in packaged liquor outlets could shift drinking into the home, with potential increases in domestic problems due to increased exposure. Contrastingly, increases in restaurants and cafes may shift some residents to more moderate drinking patterns, thus reducing the likelihood of intoxication and domestic violence. It is worth noting that these two rationales are interconnected -routine drinking activities may change along with total consumption, with for example, increased consumption overall along with increases in drinking to intoxication. Based on these two theoretical perspectives, it is expected that overall densities of alcohol outlets will be positively associated with domestic violence rates, and that densities of pubs and packaged liquor stores will be particularly strongly associated with violence.
It is possible that alcohol outlets and domestic violence are positively associated with no true causal link. For example, alcohol outlets may be markers of social disorganisation, or a lack of collective efficacy, which have been shown to have significant relationships with domestic violence rates (O'Campo et al., 1995; Miles-Doan and Kelly, 1997; Grisso et al., 1999; Cunradi et al., 2000; Bartolo, 2001; Browning, 2002; Pearlman et al., 2003; Cunradi, 2007) . In this case, unless alcohol outlets represent specific causes of social disorganisation, any relationship between outlet density and domestic violence would only be detected when neighbourhood levels of social disorganisation were not controlled for. The results of Gorman et al. (1998) analysis from New Jersey, USA suggest this explanation, with the effects of outlet density disappearing once socio-demographic factors were controlled for. Contrastingly, McKinney et al. (2009) found a significant association between outlet density and partner violence even while controlling for a wide range of socio-demographic factors, consistent with a causal relation mediated by increased consumption.
The present study tests the statistical association between alcohol outlet density and domestic violence in Melbourne, Australia. The study will provide further analysis of an under-researched question: is the availability of alcohol related to the incidence of domestic violence? The association between outlet density and domestic violence rates will be examined with and without socio-demographic control variables to examine whether any associations found with outlet density are mediated by socio-demographic factors.
Materials and methods
Aggregated data from administrative sources were used to examine the associations between alcohol outlet density and police-recorded domestic violence rates. Analyses were undertaken both with and without a range of neighbourhood characteristics controlled for to assess whether alcohol outlet density was associated with domestic violence over and above other measures of social deprivation.
Geographical units
The study uses postcode-level data for the greater Melbourne area, approximately 5,600 km 2 containing the city of Melbourne and its surrounding suburbs. Postcodes are the smallest unit for which reliable liquor licensing and police data are available, and are generally good approximations for local suburbs. In 2001 there were 222 postcodes in the greater Melbourne area, with approximately 3,350,000 residents. The analyses were limited to Melbourne to avoid the difficulties associated with analysing rural and urban postcodes in the same models. Initial analyses resulted in five postcodes being excluded from the study, leaving 217 postcodes for the final analyses. Two of the excluded postcodes represented particularly unusual land uses and low residential populations (i.e. an airport and a military base), while three others were innercity postcodes with very high outlet numbers and few residents.
Measures
Domestic violence incident data were provided by the Victorian Police Service from their Law Enforcement Assistance Program (LEAP) database. The data used are counts of "family incidents" recorded by the police for each postcode in the study area in the financial year 2001/2002. Family incidents include any incident reported to the police where the police determine that a crime has been committed and that there is an intimate relationship between the offender and the victim (e.g. married, divorced, child/parent, de-facto etc). The majority of these incidents involve incidents of domestic violence involving people in couple relationships (or whose couple relationship is now over), and around 80% of the incidents involved male offenders and female victims. This contrasts somewhat with survey derived estimates of domestic violence, which generally find roughly equal numbers of male and female victims (e.g. Graham et al., 2008) . However, generally female victims experience more severe violence and are more likely to be injured (Graham et al., 2008) . Thus, as offences involving police are likely to be at the more serious end of the spectrum, it is not surprising that the majority of offences dealt with in the current study involve female victims. The postcode recorded is for the locality in which the offence takes place, which is generally the victim's residence. It should be noted that using a policing driven measure of domestic violence creates the potential for biases in the analyses (e.g. policing effort may be more intense in some areas and thus more likely to record incidents in those areas). In addition, many incidents of domestic violence are likely to be excluded from police-based statistics with, for example, the Australian 2005 Personal Safety Survey (Australian Bureau of Statistics, 2006) finding that just 36% of female victims of physical assault reported the incident to the police. This represents a significant source of potential bias to the study, particularly if reporting rates vary along with the availability of alcohol. There is little published research on factors influence the reporting of domestic violence in Australia, although there is research from the US indicating, for example, that non-white victims are more likely to report domestic violence, so the risk of bias from this measure is not negligible. However, police data is often used in these kinds of analyses (e.g. Miles-Doan and Kelly, 1997; Bartolo, 2001; Britt et al., 2005; Gorman et al., 2005) , and the use of a range of control variables related to police reporting rates (e.g. socioeconomic disadvantage) will ameliorate this bias somewhat. While previous studies have used counts or rates based on geographic measures, the fact that offences took place in residential settings meant that it was reasonable to calculate rates on a per 1,000 population basis.
Alcohol outlet data were provided by the Licensing Branch of the Victorian Department of Consumer Affairs. The licensing data provided included full address details for each premise, including postcode. Two-hundred random records were checked to assess the accuracy of the postcode field, with accurate data noted in 98% of cases. Three categories of licences are examined in this study: packaged liquor, general and on-premise. Packaged liquor licences allow for the sale of alcohol for off-premise consumption only and are generally specialised alcohol stores or small grocery stores. General licences allow for the sale of alcohol for either on-or off-premise consumption and are largely pubs and taverns -places where drinking is the primary activity and where alcohol can be sold to be consumed elsewhere. On-premise licences allow only for on-premise sales and include cafes, restaurants, bars and nightclubs. On-premise licences include a broad range of premises, but are predominantly restaurants and small bars. In 2001, these licence categories made up 61% of all licences in Victoria, with the remainder made up of registered clubs, producer-distributors and limited licences. Correlations between licence densities of the three types were examined and, while on-premise and general licence densities were highly correlated (0.7), tests for multicollinearity in the final models did not find significant problems due to correlated dependent variables. Outlet densities were calculated for each of the three categories examined on a population basis as rates per 1,000 residents 1 .
The remaining data for the study were sociodemographic measures sourced from the Australian 2001 Census of Population and Housing Basic Community Profiles (Australian Bureau of Statistics, 2002) . The particular measures chosen were selected based on their significant associations with violence in previous studies of outlet density and on their significance in studies examining the ecological predictors of domestic violence. In particular, socio-economic status has repeatedly been linked with rates of domestic violence, as have measures of race and the proportion of residents who own their own homes (MilesDoan and Kelly, 1997; Bartolo, 2001; McKinney et al., 2009 ). Thus, this study includes three measures of socio-economic disadvantage: a composite measure, the index of relative socio-economic disadvantage (IRSED) derived from 2001 census data, the unemployment rate for each postcode and the proportion of households in each postcode which were owner-occupied. The IRSED is a composite measure based on numerous variables including educational attainment, household income and single-parent families. This measure provides an overall estimate of the socio-economic disadvantage of an area, without introducing collinearity (correlation between two or more variables under analysis; Cohen, 2003) , by including multiple measures of the same underlying construct, e.g. the proportion of people on low incomes and those with low educational attainment are highly correlated. Full details of the derivation of the IRSED have been published by the Australian Bureau of Statistics (2003) . In addition, the proportion of the population in each postcode who spoke a language other than English was included as a measure of cultural diversity. Population instability has also been linked with social disorganisation, lack of collective efficacy and domestic violence (Morenoff et al., 2001; Stover, 2005) , so a measure of population turnover (the proportion of the population in each postcode who had moved in the last five years) was also examined. Finally, a measure of population density (residents per km 2 ) was examined to account for the varying geographic sizes of the units of analysis.
Analysis
All analyses were undertaken using the "R" statistical software package (R Development Core Team 2006), with the "spdep" package (Bivand, 2006) used for all spatial analyses. The "spdep" package is an add-on to "R", providing a number of tools for spatial analysis, including calculation of spatial autocorrelation and spatially appropriate regression models. These tools allow for the appropriate analysis of data based on spatial units, where the underlying assumption of standard regression models that study units are independent is likely to be broken.
The unit of analysis throughout the study was the postcode. The dependent variable for all analyses was the rate of police recorded family incidents per 1,000 residents. The independent variables were the three categories of alcohol outlet density, the IRSED index of disadvantage, the unemployment rate, the proportion of households owner-occupied, the proportion of residents who had moved in the previous 5 years and the population density (residents per km 2 ).
Tests for multicollinearity were undertaken throughout the analysis. A regression model involving highly correlated independent variables (e.g. variables measuring poverty, unemployment and education levels) can produce misleading results, due to the overlaps in variance being explained by the correlated variables. Thus, models were checked to ensure that the independent variables included did not produce models overly affected by multicollinearity.
An initial series of ordinary-least squares linear regression models were developed. The first model included only the alcohol outlet density variables as independent variables and the second model added all the socio-demographic variables. Diagnostic analyses undertaken at this point resulted in the exclusion of the unemployment rate and the proportion of households that were owner-occupied from the final model due to multicollinearity (variance inflation factors >5). This is not surprising, as both unemployment and housing tenure variables are included in the calculation of the IRSED index. The final model incorporating the alcohol outlet variables and the remaining socio-demographics was then produced.
At this stage, an assessment of the level of spatial autocorrelation in the residuals of the final model was examined. Spatial autocorrelation was examined based on neighbouring postcodes. Thus, the connection matrix included 1s where postcodes were direct neighbours and 0s otherwise. The Moran's I coefficient of the residuals was significant (I = 0.12; P <0.01) indicating possible bias due to spatial autocorrelation. An examination of the Lagrange Multiplier Test Statistics suggested that a spatial error model was appropriate to control for these possible biases, and a maximum likelihood estimation of a spatial error model was developed (Ward and Gleditsch, 2008) .
Results
Descriptive statistics for the variables used in this study are provided in Table 1 . The bi-variate correlations between each of the independent measures and the domestic violence rate are provided in the table, indicating a strong association between measures of socio-economic disadvantage and domestic violence, and a positive association between general licence density and domestic violence.
The OLS regression models are presented in Table  2 . The first model includes only the alcohol outlet density variables, and the second adds in the sociodemographic variables discussed previously. As mentioned in the previous section, the unemployment rate and proportion of households that owned their own home were excluded from the modelling as they were highly collinear with the IRSED index. The initial model finds a positive and significant association between general outlet density and domestic violence rates and a negative and significant association between on-premise outlet density and domestic violence. There is no significant association between packaged licence density and domestic violence rates. The model was not a good fit to the data, explaining only 9% of the variance in domestic violence rates. When the socio-demographic variables were added to the model, the direction and significance of the associations between the outlet density variables and domestic violence rates remained, although the magnitude of the effects for both general outlets and on-premise outlets were roughly halved. The IRSED was highly significant, suggesting that postcodes with lower socio-economic status had higher reported domestic violence rates. Similarly, the model suggests that postcodes with high population density have higher rates of domestic violence. The proportion of residents from non-English speaking households was negatively associated with domestic violence rates, and there was no significant relationship between population mobility and domestic violence. This expanded model provided a much better fit to the data, explaining around 55% of the variance in domestic violence rates.
Tests of the Moran's I coefficient for each model indicated substantial levels of spatial autocorrelation. To ensure that the final results were not biased due to spatial dependence, spatial error models were developed. The results of these models are presented in Table 3 . While the spatial parameter was significant in both models, the overall results are not markedly different from those derived using OLS techniques ( Table 2 ). The fit of the full OLS and full spatial error models were compared using the Akaike information criterion (AIC) (Akaike, 1974) . The AIC measures the goodness of fit of regression models across varying model-fitting methods (measures such as the R-squared are not appropriate to compare maximum likelihood estimated spatial models with OLS regression models). Lower values of the AIC represent models that use the fewest parameters possible to best fit the data. The OLS model had an AIC of 905.9, while the spatial error model had an AIC of 898.7, indicating a slightly better fit. Thus the spatial error model was considered the better fitting model and will be the focus of the discussion. In terms of the licence density variables, general licences were significantly positively associated with domestic violence, while on-premise licences were significantly negatively associated with it. An increase of general licence density of one outlet per 1,000 residents was associated with an increase of 1.35 reported incidents of domestic violence per 1,000 residents. Similarly, an increase of 1 on-premise outlet per 1,000 residents was associated with a decrease of 0.34 incidents of domestic violence per 1,000. 
Discussion
This study has demonstrated a statistical association between the density of alcohol outlets and police-recorded domestic violence rates at the postcode level in Melbourne, Australia. The study finds a positive association between general (pub) licence density and domestic violence and a weaker, negative association between on-premise (restaurant, etc.) licence density and domestic violence.
The study provides the first aggregate analyses of the relationship between alcohol outlet density and rates of domestic violence to adequately control for the spatial dependence of the units of analysis. In addition, it examines specific outlet types and incorporates controls for socio-demographic factors likely to covary with outlet density and domestic violence rates. The study is limited by its use of police data, which are likely to underestimate the true rate of domestic violence and may result in biases in the findings.
In broad terms, the results of this study are consistent with previous research in this field. Domestic violence rates are highly correlated with levels of socio-economic disadvantage (Bartolo, 2001; Browning, 2002; Pearlman et al., 2003; McKinney et al., 2009 ). There is a significant and negative relationship between the proportion of residents from non-English speaking backgrounds and domestic violence, which has not been found in previous studies of domestic violence (most of which are from the US and are based on specific race data). This result does find support from a previous study of general assault rates in the same jurisdiction, with a similar negative effect found for ethnic diversity (Livingston, 2008a) . There are a number of possible explanations for this relationship. While there is little data available on the prevalence of domestic violence in non-English speaking communities in Australia, evidence from the Women's Safety Survey suggests that these women experience lower rates of violence than the rest of the Australian population (The Women's Services Network, 2000) . This may be partly due to lower alcohol consumption amongst these groups (Australian Institute of Health and Welfare, 2009 ). In addition, there is some evidence that people from minority racial groups are less likely to report crimes to the police (Shah and Pease, 1992) , which may result in their under-representation in the data used in the current study.
The findings for the alcohol availability variables were mixed, with a positive effect found for general licence density (hotels, pubs, etc.) and a negative effect for on-premise licence density (restaurants, bars, etc.). These associations were considerably weakened by the inclusion of a range of socio-demographic variables in the models, but remained significant. Hotels and pubs have previously been identified as particularly problematic venues for general levels of violence (Briscoe and Donnelly, 2001; Livingston, 2008b) , while restaurant licences have been found to be associated with lower rates of general violence in other jurisdictions (e.g. Zhu et al., 2004) . These findings provide support to Freisthler's theory of alcohol availability affecting people's routine drinking activities, with higher densities of alcohol-focussed venues (general licences) associated with increased domestic violence, while densities of less alcohol-focussed venues (on-premise licences) associated with reduced domestic violence. Traditionally, hotels and pubs have been the site of heavy drinking and drinking at these venues may be particularly likely to involve drinking to intoxication (Room, 1988) . However, the lack of relationship between packaged liquor density and domestic violence was surprising in the context of this theory, which suggests that increased availability of packaged liquor leads to increased consumption within the home, which may increase the risk of incidents of domestic violence.
The relationship between density of on-premise licences (restaurants, cafes, bars, etc.) and domestic violence is negative, with higher densities of onpremise outlets related to lower levels of domestic violence, which may be due to the more moderate drinking styles associated with these kinds of premises. However, it seems unlikely that this relationship is due to the actual outlets themselves exerting protective effects, and instead reflects unmeasured socio-economic or demographic factors that vary along with on-premise licence density. This then raises the question of whether the effect found for general licences is a similar artefact and whether there are unmeasured neighbourhood factors related to both general licence density and domestic violence rates. For this reason, along with the limitations identified in the measures used in this study, the results presented here can point only to tentative implications for policy. The finding that general licences are positively associated with domestic violence rates, combined with previous work which found strong links between general licence density and assault in Melbourne Livingston, 2008a) suggest that the trend towards increasing numbers of these licences in Melbourne needs to be curtailed.
Conclusions
The results presented here provide support to previous findings linking alcohol outlet density to domestic violence McKinney et al., 2009) . When these results are considered alongside previous work examining the broader impacts of alcohol outlet density , the policy implications are clear: efforts to stem the ongoing increases in alcohol availability in Victoria are required. However, the specific policy approaches required depend on a deeper understanding of the mechanisms of the link between alcohol outlets and domestic violence. While this paper has provided a first step in that direction, there remain uncertainties about the precise nature of this relationship. Future studies making use of longitudinal data are required to better understand the influence of alcohol availability on domestic violence.
